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I .  ROCKET X-RAY INVESTIGATIONS 

Aerobee 170 f l i g h t  13.049 UH was launched successfully from White 

The  X-ray instrument was the same as  flown on Sands, 8 November 1975. 

13.103, 13.084 and 26.032. A l l  systems performed perfectly and the data 

are  being reduced and analyzed. 

Aerobee 200 f l i g h t  26.032 launched 7 March 1975 provided no data 

because-of - -- a fa i lure ' in  the coaxial cable that  carr ies  the r . f .  from 

transmitter t o  antenna. 

f l i g h t  us ing  the s t a r  f i e ld  photographs and find tha t  the control system 

We have completed the aspect solution fo r  this 

performed correctly. These data have been forwarded t o  the sounding 

rocket branch a t  Goddard, There is  nothing more we can do w i t h  the 

results of this unhappy venture. 

o u t  by Goddard personnel and steps have been taken by them to  ensure no 

recurrence of the fau l t .  

A thorough investigation was carried 

Figure 1 shows an all-sky map i n  galactic coordinates of the areas 

covered t o  date i n  our survey of diffuse so f t  X-ray features. 

The  analysis of the data from these f l i gh t s  has n o t  proceeded as 

f a s t  as we originally hoped. 

of the counter windows, differences i n  the composition and pressure of 

the counter gas etc. a l l  contributed t o  f i n i t e  differences i n  the instru- 

mental sensi t ivi ty  or  factors to  be used i n  converting counting ra tes  t o  

absolute intensi t ies .  

i n  the three broad energy bands defined by a boron window counter (E<180eV), 

a carbon window counter (Ec280 eV) , and the region 500 to  1000 eV. Unless 

extreme care is  taken i n  the normalization procedure, a r t i f i c i a l  g r a d i e n t s  

Small differences i n  the X-ray transmission 

Our  aim i s  t o  produce composite maps o f  the sky 

of intensity can be produced along the boundaries of adjacent s e t s  of data. 
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A composite map of the carbon band data from flights 13.082, 13.083, 

13.102 and 13.103 (flown from Australia) is shown in figure 2. The 

coordinate system is galactic, the same as used for figure 1. A zero-th 

order deconvolution of the detector field of view has been incorporated. 

Each 2" x 2" element of sky is assigned an intensity equal to the counting 

rate of the 

sky, summed 

coverage:-i s 

statistical 

detector weighted by the collimator response to that piece of 

over all exposures during the several flights. Since the sky 

non-uniform, some regions have more exposure and hence better 

accuracy than others. 

__- 

But on the average the counters corres- 

pond to a 1.5 to 20 difference in intensity. 

of this map are: 

The most prominent features 

1) The Vela supernova remnant which is not part of the diffuse back- 

ground and should be ignored for this discussion. 

2) The emission feature at (195, 15) is the Gemini hot spot first 

seen by us in 1971 and since then by a number of observers. 

3) At (205, -40) is the Eridanus hot spot, also previously seen. 

4) This ridge along longitude 240 was reported in Williamson et al. 

(1974) and confirmed by the Australian data. 

5) A new feature is the ridge along latitude -60" running from 
longitude 240 to 300 where it joins 

6) a new enhancement in the constellation Tucana at (330, -50) and 

7) a new enhancement in the constellation Piscis Austrinus at 

(20, -50). 

8) Another enhanced region in Telescopium is evident between 

longitude 300 to 360, latitude -15 to -40. 

There are also apparent two regions of l o w  emission, one at (70, -45) 

A comparison and the other a large 30" diameter region around (290, -15). 
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of this map w i t h  the rad io  continuum map of Landecker and Mielebinski 

a t  150 MHz shows no c lear  pattern, 

correlation and some a negative correlation. 

Some regions exhibit a positive 

The relationship of the sof t  X-rays to  21 CM hydrogen column density 

measurements is more interesting. 

general 

T h i s  led many observers t o  postulate on extragalactic origin for the 

soft X-rays. 

I t  has long been apparent t ha t  i n  

s o f t  X-rays a re  enhanced where the neutral hydrogen is  lacking. 

- --- B u t  i t  has since been noted tha t  the so f t  X-ray in tens i ty '  I - 
variations across the sky do not correspond quantitatively t o  what one 

would expect from absorption. 

w i t h  intensity tha t  one would expect from absorption. 

Nor does one observe the spectral variations 

A better explanation 

of the correlation between low NH and h i g h  X-ray intensity i s  t h a t  the 

lack of neutral hydrogen as well as the enhancement o f  soft X-rays both 

result from the same cause, specifically the in t e r s t e l l a r  medium is laced 

w i t h  the remnants of old supernovae. 

The pattern of high X-ray emission b e i n g  associated w i t h  regions of 

low N H  is a lso seen i n  this new data,  except f o r  the Telescopium hot  spot 

where the NH is n o t  particularly low. 

ridges and the Tucana and Riscis Austrinus hot spots a re  characterized by 

Otherwise, the regions of the 

as  small values of total  NH as  are  observed anywhere on the sky. 

more, NH is  re la t ively h i g h  t h r o u g h  this low region (290, -15), along the 

plane, down longitude 160, and over t o  (70, -45). 

Further- 

Perhaps the most i n t r i g u i n g  NH feature appears i n  the (unpublished) 

narrow velocity-width HI maps of Heiles and co-workers. In several 

successive velocity cuts there stands o u t  very clearly a complete r i n g  o f  

neutral hydrogen, 20 t o  30 degrees i n  diameter, surrounding the Eridanus 

h o t  s p o t .  Furthermore, the r i n g  has increasing s ize  i n  successive velocity 
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intervals,  indicating that  the ring is expanding. 

observed a portion of this r i n g  and concludes tha t  i t  probably indicates 

the existance of an old, nearby, supernova shell. Heiles' narrow 

velocity maps also show HI filaments extending u p  from the plane on either 

side of the Gemini hot spot. 

s t i l l  suggestive of a supernova origin. Maps of boron and M band data 

fo r  this region show essent ia l ly  the same spatial  features as  this map 

except t l a t  the region from Telescopium t o  Vela is more enhanced i n  the M 

band ( i t  i s  anomolously hard) and the ridge across -60" is  s l igh t ly  more 

pronounced i n  the boron band ( i t  is anomolously sof t ) .  

Verschuur also has 

They do not form a complete loop, b u t  are  

.- 

As for  the effective temperatures implied by these data, we have t r ied  

f i t t i n g  the pulse height spectra i n  the various counters both from h i g h  

la t i tude and low la t i tude  features, both i n  the optically thick and optically 

t h i n  cases. We used both a simple exponential bremsstrahlung model and 

complete line p l u s  continuum program o f  Raymond, Smith, and Cox. We f i n d :  

F i t t i n g  only boron window data implies tha t  the X-ray spectrum is 1 )  

very soft - temperatures of 3130-500 thousand degrees. 

2) F i t t i n g  only data less  than 400 ev b u t  u s ing  both  carbon and boron 

yields somewhat h i g h e r  temperatures, 500-800 thousand degrees. 

3) F i t t i n g  a l l  the data u p  t o  1000 ev requires temperatures of two ' 

2 t o  three m i l l i o n  degrees, b u t  an acceptable f i t  ( u s i n g  x ) cannot be 

obtained w i t h  a single temperature. 

T h i s  leads t o  the tentative hypothesis that  the s o f t  X-ray diffuse 

background seen i n  any direction i s  produced by several regions of hot 
5 6 in te rs te l la r  material w i t h  temperatures ranging from 3x10 t o  3x10 K,  

probably formed by overlapping o l d  supernova shel ls .  
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11. LABORATORY DEVELOPMENTS 

a )  X-Ray Calibration Beam Apparatus. The new apparatus described i n  

the l a s t  progress report has performed more o r ' l e s s  sat isfactor i ly .  The ion 

pump-molecular sieve combination is real ly  too slow to  keep u p  w i t h  the 

Henke tube  outgassing a t  h i g h  power levels. As a result we sometimes r u n  

a t  too-high pressures and have had some carbon bui ld-up on the beryllium 

anode. 
__ - - -.--- 

We have added a 20 foot l e n g t h  of commercial p las t ic  sewer p i p e  t o  

provide a broad b u t  narrow angle beam for  Bragg crystal studies- A newly- 

designed gate valve has been constructed and installed.  

Henke t u b e  w i t h  i t s  ultra-high vacuum pumps to  be sealed off from the 

diffusion pumped portion of the system, or w i t h  a simple twist o f  a 

handle, permits a very t h i n  so f t  X-ray transmitting window t o  separate the 

two sections. 

I t  permits the 

b )  Developments Related t o  Soft X-Ray Diffuse Spectrometry. Even 

if  our pending Explorer proposal for  a Bragg spectrometer t o  investigate 

spectral line studies of the so f t  X-ray background is not approved, we 

feel tha t  the measurement must ultimately be  done. We have therefore.  

proceeded w i t h  several investigations crucial t o  tha t  program. 

i) Position Sensitive Proportional Counter. The Bragg spectro- 

meter device requires p o s i t i o n  sensing over an approximately 20 cm long 

counter to  0.5% or about 1 mm t o  achieve ?,/Ax 2 700. 

A gas f i l l ed  position-sensitive proportional counter (PSPC) u s i n g  

resistance position encoding has been constructed and is currently being 

investigated. 

when compared 

The construction of  PSPCs is characterized by i ts  simplicity 

w i t h  solid s t a t e  counters and multiwire systems us ing  delay 
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l ines.  The counter d i f fe rs  from conventional proportional counters i n  

the use of a res i s t ive  anode and the requirement tha t  both ends of the 

anode be accessible as signal o u t p u t  terminals. 

The counter constructed has a 210 mm active length us ing  a carbon 

coated quartz f iber  w i t h  a r e s i s t i v i ty  of 8.9 Kilo-ohms/mm as the anode. 

The face o f  the counter was covered by a s l i t  collimator comprised of  195 

sl i ts  1.08 mm apart  and 0.25 mm i n  wid th .  The channel l e n g t h  of the 

collimator i s  50.8 mm and si ts  flush against the window which i s  30 mm i n  

front of the anode. 

- -.-- 

- -  
I t  has been operated t h u s  f a r  w i t h  P-10 a t  atmospheric 

pressur u s i n g  an Fe55 (5.9 Kev) source. 

The signal from both ends of  the anode is fed t o  separate charge- 

sensi t ive amplifiers, and the outputs  added. After processing by 

conventional sample and hold c i rcu i t s ,  the combined signal is  used as the 

reference for a 10 b i t  DAC. A comparator, t h r o u g h  a series of f l ip-f lops,  

compares the o u t p u t  of the DAC w i t h  the signal from one of the charge 

amps. 

signals from the charge amp and the DAC. 

switched from the combined signal t o  a 10 v o l t  supply and the output of 

the DAC is  read by a multichannel analyzer. 

The required number of b i t s  are  turned on t o  produce identical 

The reference to  the DAC i s  then 

A t  the moment, we have only obtained an upper limit fo r  the resolution 

of the PSPC. 

peaks are  Q 2 channels o r  0.5 mm, about a factor o f  2 bet ter  t h a n  our design 

T h i s  is exhibited i n  the photograph where the FNHM of the 

goal. 
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Figure 4 

i i )  Lead Stearate Substrates. A t  the present time, curved glass -\ 

plates on which lead s teara te  i s  deposited are  formed by placing f l a t  

f loa t  glass on a curved s teel  f ix ture  and allowing the glass  t o  sag  i n  an 

annealing oven u n t i l  The existing 

f ixture  was formed by rol l ing f l a t  stock and incorporates several welds. 

i t  assumes the shape of the f ixture .  

Although crude, i t  has been adequate for the purpose of evaluating th i s  

glass-forming technique. 

several plates were measured using apparatus i l l u s t r a t ed  i n  f igure 5. A 

laser  is directed a t  the plate  by reflecting i t  o f f  of a small rotatable 

In order t o  assess the resu l t s ,  the profiles of 

mirror placed a t  the center of curvature of the plate. 

i s  separated from the incident beam by means of a beam s p l i t t e r  placed 

ahead o f  the laser .  

related t o  the l inear  6s (from center reference) a t  the screen by 

2LS8%6S where L = a+b+c. 

The  reflected beam 

The angular deviation 68 from uniform curvature is 

A trace from a typical plate (I5 cm x 5 cm) is 

shown i n  figure 6 .  

of the curvature of the plate i n  the long and short dimensions respectively. 

The x and y components of 6s provide a d i rec t  measure 
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Figure 7 is a plot  of the deviation (from a c i r c l e  of 73.25 cm 

radius) of a typical plate. Also shown (broken line) is a s imilar  plot  

for the s teel  f ixture .  The large i r regular i t ies  i n  the surface of the 

f ix ture  demonstrate t ha t  the method used t o  shape the fixture is  not  

adequate. 

tends t o  conform t o  tha t  of the f ix ture  and i t  would seem t h a t  t h i s  

technique fo r  curving the glass can be used. 

However, i t  i s  apparent that  the prof i le  of the glass plate 

- --- A new f ix ture  is being constructed which will have a machined- 

I t  is expected tha t  this will eliminate 
- . -  

surface and will not be welded. 

the i r regular i t ies  now present in the profiles of the substrates.  

111. THEORETICAL STUDIES OF SHOCK WAVES AND ASTROPHYSICAL PLASMAS - 

a )  Galactic Infa l l .  A revised manuscript was submitted t o  Ap.J. and 

was accepted for  publication i n  January. 

A very considerable amount of e f for t  was spent on the time dependent 

problem and several exchanges of l e t t e r s  and resul ts  took place between 

Cox and Roland H u n t ,  a t  the time of Oxford University, b u t  recently moved 

t o  the University of Strathclyde i n  Glasgow, Scotland. This exchange was 

very productive, leading t o  a s ignif icant  improvement of understanding of 

the development of the flow. The e f fo r t  ground t o  a 

semester b u t  is now being resumed. I t  i s  my present 

of the f irst  real ly  useful papers on galactic in fa l l  

exchange. 

ha l t  during the p a s t  

expectation tha t  one 

will come o u t  of t h i s  

b )  Quasi S t e l l a r  Sources. Revisions were completed by Cox i n  Madison 

and Mac Alpine a t  Michigan, b u t  a re  s t i l l  underway on Daltabuit's part i n  

Mexico . 
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c )  Cosmic Ray Acceleration. T h i s  e f for t  remains as  previously 

described. 

A new research s tuden t ,  David Hedrick, has undertaken a review of the 

processes i n  the second paper as  his first project and Cox has accepted 

an invitation t o  g ive  an Astrophysics Seminar on the work a t  the University 

of Chicago i n  l a t e  February. 

Paper I i s  a complete manuscript, paper I1 i s  i n  rough draft .  

The essential result of  this work is tha t  a 

modest amount of i n t e r s t e l l a r  acceleration may be taking place, b u t  f u l l  

operatiom of such processes would produce consequences which  apparently 
.- 

violate observational results.  

d )  Large Scale Effects of Supernova Remnants. The simulation of 

interacting supernovae i n  the in t e r s t e l l a r  medium by B.  Smith was completed, 

h i s  thesis written, and his degree awarded i n  October. He has since gone 

to  Goddard Space F l i g h t  Center and has there prepared a manuscript on 

this work. 

A l i t t l e  more work has taken place on the t u n n e l  wall boundary i n  

order t o  estimate the temperature d i s t r i b u t i o n  function which one m i g h t  

expect fo r  the so f t  X-ray background. 

i s  presently preparing t o  compare these distribution functions w i t h  the 

observed background. 

P. Burstein of the experimental group 

A f i r s t  attack has been made on the problem o f  ISM heating by the 

acoustical noise generated i n  the tunneT system. The results a re  promising 

and suggest tha t  a more extensive investigation should be made. In the 

l a s t  report we speculated tha t  this could be the long-sought heating 

mechanism for  normal in t e r s t e l l a r  material. 

e)  Line and Continuum Radiation. The paper on the total  and 

elemental cooling rates  has been accepted for publication i n  Ap.J. i n  

early 1976. The preparation o f  the equilibrium spectra paper is  nearly 
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complete and i t  is anticipated t h a t  i t  will be submitted t o  Ap.J. by 

February 1976. 

the revised program has been r u n  fo r  a few t e s t  cases and i t  is 

performing well. 

The shock program revisions a re  substantially complete; 

Certain decisions remain about how t o  suitably carry 

out the radiative t ransfer ,  and how t o  se lec t  a sui table  g r i d  of para- 

meters for  the families o f  shock spectra which  will be calculated. 

has already been learned tha t  the new spectra will differ from the 

ea r l i e r  results (of Cox) fo r  the same choice of parameters, and tha t  

these rather s ignif icant  changes will represent a closer approximation t o  

rea l i ty .  

prepared into a f i rs t  paper i n  February. 

I t  

- --. - 
- . - -  

I t  is hoped tha t  these changes and reasons for  them can be 

T h i s  would be  followed by X-ray 

and EUV spectra of a grid of f a s t  shockwaves, probably i n  March o r  A p r i l .  

Finally a complete low velocity g r i d  w i t h  optical spectra f o r  comparison 
- 

w i t h  i n t e r s t e l l a r  shockwaves should be ready i n  l a t e  s p r i n g  o r  early 

summer. 

Raymond. 

The b u l k  of the work on this project i s  being carried out by J. 
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